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Supplementary Experimental Methods -Chemical Synthesis
Compounds and materials were supplied from the sources indicated: 4-Chloro-4'hydroxybenzophnone from Combi-block (CA, San Diego). Pyrrolidine, piperidine, azepane, cesium carbonate, 2-adamantanone, 4,4'-dihydroxybenzophenone, TiCl4, zinc, and 6bromohexanol: (Aldrich, Milwaukee WI). DMF, methanol, diethyl ether, dichloromethane, methyl iodide, n-hexane, and ethyl acetate were purchased from Fisher science. All solvents were used without further purification. Yields refer to chromatographically and spectroscopically ( 1 H NMR) homogeneous materials, unless otherwise stated. Reactions were monitored by thin layer chromatography (TLC) carried out on Merck silica gel 60 F254 precoated plates (0.25 mm) using UV light as the visualizing agent and ceric ammonium molybdate and heat as developing agents. Preparative TLC plates (silica gel GF, 20 x 20 cm, 1000 micron) were purchased from Analtech Co. Ltd. Flash column chromatography was performed on Silica P Flash silica gel (40-64 μm, 60 Å) from SiliCycle. 1 H NMR spectra were recorded at 23 °C on a Varian Unity-400, Varian Inova-500 or Varian Unity-500 spectrometers and are reported in ppm using the residual proton signal as the internal standard (CHCl3, δ = 7.26, center line). The following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, dd = doublet of doublets, t = triplet, q = quartet, m = multiplet, hep = heptet, and br = broad. Proton-decoupled 13 C NMR spectra were recorded on a Varian Unity-500 (126 MHz) spectrometer and are reported in ppm using solvent as an internal standard (CDCl3, δ = 77.16, center line). High and low resolution mass spectra were obtained at the University of Illinois Mass Spectrometry Laboratory (Q-TOF Ultima API, Waters Co. Ltd.).
The compounds used in this study were prepared according to the two synthetic routes shown in the schemes below. Scheme 1. Preparation for NB-55, 118, and 119 and their quaternary ammonium salts Scheme 2. Preparation for NB-51, 65, 70, and 72 and their quaternary ammonium salts 6,6'-(((((5r,7r )-adamantan-2-ylidene)methylene)bis(4,1-phenylene))bis(oxy))bis(hexan-1-ol) (1) 15
The mixture of 4,4'-(((5r,7r)-adamantan-2-ylidene)methylene)diphenol (332 mg, 1.00 mmol), 6bromohexanol (434 mg, 2.40 mmol), and cesium carbonate (652 mg, 2.00 mmol) was dissolved and suspended in dried DMF (5 mL) and was heated up and stirred at 55 °C for 5 hr. Once the starting material (bisphenol) disappeared completely by SiO2 TLC analysis, the reaction was quenched by adding water (50 mL), followed by extraction with ethyl acetate (20 mL x 3), drying over sodium sulfate, concentration under vacuum to load on silica gel column for purification.
Elution with a mixture of ethyl acetate and n-hexane (50:50, v/v) provided a sticky semi-solid product (480 mg, 90%). 1 H NMR (500 MHz, CDCl3) δ 1.38~1.59 (m, 8H), 1.62 (quintet, J = 6.5 Hz, 4H), 1.80 (quintet, J = 6.5 Hz, 4H), 1.87 (br s, 10H), 2.01 (s, 2H), 2.81 (s, 2H), 3.67 (t, J = 6.5 Hz, 4H), 3.94 (t, J = 6.5
Hz, 4H), 6.80 (d, J = 8.5 Hz, 4H), 7.03 (d, J = 8. 5 Hz, 4H) . 13 C NMR (126 MHz, CDCl3) δ 25.78, 26.19, 28.47, 29.56, 32.94, 34.67, 37.45, 39.85, 63.18, 67.90, 113.99, 129.89, 130.83, 135.92, 145.88, 157.51 . HRMS (ESI, M + +1) C35H49O4 Calcd. 533.3631, found 533.3636. (((((5r, 7r )-Adamantan-2-ylidene)methylene)bis(4,1-phenylene))bis(oxy))bis(hexane-6,1diyl))dimethanesulfonate (2)
To the mixture of 1 (266 mg, 0.50 mmol) and trimethylamine (303 mg, 0.30 mmol) in ethyl acetate (5 mL) was added dropwise methanesulfonyl chloride (172 mg, 1.50 mmol) at ice-water cooling bath temperature. Once the diol 1 was consumed by SiO2 TLC analysis, the mixture was washed by water (5 mL x 3). The ethyl acetate solution was treated with the mixture of NaHCO3 (1 g) and water (5 mL) , and was continuously stirred for 1 hr. The ethyl acetate was separated, dried over sodium sulfate, and concentrated under vacuum to afford the title 2 compound as a colorless sticky liquid form (320 mg, 93%). This product was pure enough to be used without further purification. 1 H NMR (500 MHz, CDCl3) δ 1.45~1.57 (m, 8H), 1.76~1.83 (m, 8H), 1.87 (br s, 10H), 2.01 (s, 2H), 2.80 (s, 2H), 3.02 (s, 6H), 3.95 (t, J = 6.5 Hz, 4H), 4.26 (t, J = 6.5 Hz, 4H), 6.80 (d, J = 8.5
Hz, 4H), 7.03 (d, J = 8. 5 Hz, 4H) . 13 C NMR (126 MHz, CDCl3) δ 25. 49, 25.87, 28.47, 29.33, 29.38, 34.67, 37.44, 37.62, 39.85, 67.68, 70. 22, 113.98, 130.00, 130.84, 135.97, 145.96, 157.44 . HRMS (ESI, M + + Na) C37H52O8S2Na Calcd. 711.3001, found 711.3008.
4-((Z)-((5S,7S)-adamantan-2-ylidene)(4-chlorophenyl)methyl)phenol (3)
To the suspension of zinc powder (392 mg, 6.00 mmol) in THF (20 mL) was added dropwise TiCl4 (567 mg, 3.00 mmol) at -78 °C (dry ice-Acetone), and subsequently the reaction mixture was refluxed for 2 hr and then cooled down to room temperature before addition of a mixture of 2-adamantanone (155 mg, 1.03 mmol) and 4-chloro-4'-hydroxybenzophenone (236 mg, 1.00 mmol) in THF (10 mL). The reaction mixture was refluxed again for 3 hr. The reaction mixture was cooled to room temperature, poured into a sat. NaHCO3 aqueous solution, and stirred until the suspension color changed from black to white. The mixture was extracted with EtOAc (20 mL x 3), washed with brine, and dried over Na2SO4. The solvent was evaporated under vacuum, followed by a column chromatography on SiO2 using 10% EtOAc/n-Hexane as an eluent to afford title compound (280 mg, 80%). 1 H NMR (500 MHz, CDCl3) δ 1.80~1.97 (m, 10H), 2.02 (s, 2H), 2.74 (s, 1H), 2.82 (s, 1H), 6.76 (d, J = 8.5 Hz, 2H), 6.99 (d, J = 8.5 Hz, 2H), 7.06 (d, J = 8.5 Hz, 2H), 7.27 (d, J = 8. 5 Hz, 2H) . 13 C NMR (126 MHz, CDCl3) δ 28. 36, 31.26, 34.65, 34.74, 36.75, 37.32, 39.79, 115.14, 128.35, 129.14, 131.06, 131.15, 131.94, 135.38, 141.91, 147.36, 154.18 . HRMS (EI, M + ) C23H23OCl
Calcd. 350.14375, found 350.14366.
6-(4-((Z)-((5S,7S)-adamantan-2-ylidene)(4-chlorophenyl)methyl)phenoxy)hexan-1-ol (4)
The title compound (4) was prepared from the reaction of the compound 3 (175 mg, 0.50 mmol) with 6-bromohexanol (271 mg, 1.50 mmol), and cesium carbonate (326 mg, 1.00 mmol) in 93% yield, following the same procedure described for the preparation of the compound 1 (Bisphenoxyhexanol). 78, 26.18, 28.36, 29.54, 32.94, 34.65, 37.33, 39.80, 55.13, 63.18, 67.94, 114.15, 128.32, 129.26, 130.84, 131.16, 131.89, 135.06, 141.98, 147.21, 157.74 . HRMS (EI, M + +1) C29H36OCl Calcd. 451.2404, found 451.2399.
6-(4-((Z)-((5S,7S)-adamantan-2-ylidene)(4-chlorophenyl)methyl)phenoxy)hexyl
methanesulfonate (5) The title compound (5) was prepared from the reaction of the compound 4 (135 mg, 0.30 mmol) with methanesulfonyl chloride (51 mg, 0.45 mmol), and triethylamine (101 mg, 1.00 mmol) in 98% yield, following the same procedure described for the preparation of the compound 2. 49, 25.87, 28.36, 29.33, 29.37, 34.66, 37.74, 37.32, 37.62, 39.80, 67.72, 70.22, 114.13, 128.33, 129.22, 130.86, 131.16, 131.90, 135.13, 141.97, 147.25, 157.66 . HRMS (ESI, M + +1) C30H38O4SCl Calcd. 529.2179, found 529.2183.
1-(6-(4-((Z)-((5S,7S)-adamantan-2-ylidene)(4-chlorophenyl)methyl)phenoxy)hexyl)pyrrolidine (NB-55)
The mixture of the compound 5 (53 mg, 0.10 mmol) and pyrrolidine (28 mg, 0.40 mmol) in DMF (100 μL) was stirred at 55 °C for 3 hr. The solvent was evaporated under a gentle stream of nitrogen. To this was added NaHCO3 (40 mg) and deionized water (1 mL), and product was extracted with EtOAc (400 μL x 3). The extract was washed with brine, water, and dried over Na2SO4 to provide NB-55 (48 mg) as a sticky liquid. 62, 26.34, 27.76, 28.36, 29.27, 29.54, 34.64, 34.73, 37.32, 39.80, 54.48, 56.86, 68.01, 114.15, 128.32, 129.27, 130.83, 131.17, 131.87, 135.00, 141.99, 147.18, 157.76. HRMS (ESI, M + +1) C33H43ONCl Calcd. 504.3033, found 504.3033.
1-
The solution of NB-55 (60 mg, 0.12 mmol) and methyl iodide (200 μL) in ethyl acetate (500 μL) was heated at 50 °C for 1 hr to generate a precipitate. The evaporation of solvent afforded NB-63 quantitatively. This is pure enough to use without further purification. Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H). ). 13 C NMR (126 MHz, CDCl3 + CD3OD) δ 21. 97, 23.66, 24.31, 26.02, 26.28, 28.35, 29.24, 34.65, 37.13, 39.80, 53.95, 64.56, 65.06, 67.61 . 76, 26.33, 27.78, 28.03, 28.36, 29.26, 34.64, 37.33, 39.80, 54.92, 68.01, 114.15, 128.32, 129.28, 130.82, 131.16, 131.16, 131.88, 135.00, 141.99, 147.18, 157.78 . HRMS (ESI, M + +1) C34H45ONCl Calcd. 518.3190, found 518.3192.
1-(6-(4-((Z)-((5S,7S)-adamantan-2-ylidene)(4-chlorophenyl)methyl)phenoxy)hexyl)azepane (NB-119)
NB-118 (44 mg, sticky liquid) was obtained from the reaction of the compound 5 (50 mg, 0.095 mmol) and azepane (40 mg, 0.40 mmol) in 87% yield, as described for the preparation of NB- 5 Hz, 2H) . 13 C NMR (126 MHz, CDCl3) δ 26. 33, 27.26, 27.65, 27.75, 28.18, 28.37, 29.56, 34.64, 34.74, 37.33, 55.84, 58.51, 68.01, 114.14, 128.30, 129.27, 130.81, 131.15, 131.87, 134.98, 141.98, 147.16, 157.77 . HRMS (ESI, M + +1) C35H47ONCl Calcd. 532.3346, found 532.3347. ((((5r,7r) -adamantan-2-ylidene)methylene)bis(4,1-phenylene))bis(oxy))bis(hexane-6,1diyl))dipyrrolidine The mixture of the compound 2 (68 mg, 0.10 mmol) and pyrrolidine (57 mg, 0.80 mmol) in DMF (200 μL) was stirred at 55 °C for 3 hr. The solvent was evaporated under a gentle stream of nitrogen. To this was added NaHCO3 (80 mg) and deionized water (1 mL), and product was extracted with EtOAc (400 μL x 3). The extract was washed with brine, water, and dried over Na2SO4 to provide NB-65 (51 mg) as a sticky liquid. 5 Hz, 4H) . 13 C NMR (126 MHz, CDCl3) δ 23. 66, 26.37, 27.79, 28.50, 29.35, 29.58, 34.68, 37.48, 39.87, 54.54, 56.90, 68.01, 114.01, 129.95, 130.82, 135.89, 145.83, 157.56. HRMS (ESI, M + +1) C43H63O2N2 Calcd. 639.4890, found 639.4909. 1,1'-((( (((5r,7r) -adamantan-2-ylidene)methylene)bis(4,1-phenylene))bis(oxy))bis(hexane-6,1diyl))bis (1-methyl-1λ 4 
55.
1,1'-((
-pyrrolidine) (NB-68)
The mixture of NB-65 (32 mg, 0.05 mmol) and methyl iodide (100 μL) in ethyl acetate (500 μL) was heated up at 50 °C for 1 hr to form a precipitate. The evaporation of solvent afforded NB-68 (45 mg) quantitatively in a form that was pure enough to use without further purification. Hz, 4H). 13 C NMR (126 MHz, CDCl3 + CD3OD) δ 14. 15, 21.77, 24.02, 25.76, 26.09, 28.31, 29.00, 34.52, 37.25, 39.67, 64.85, 67.55, 113.98, 129.58, 130.64, 135.99, 146.02, 157.17. HRMS (ESI, M 2+ ) C45H66O2N2 Calcd. 334.2640, found 334.2643.
NB-71 (70 mg) was prepared from the reaction of the NB-70 (40 mg, 0.075 mmol) and methyl iodide (200 μL) in quantitative yield by following the procedure as described for the preparation of NB-68. 1 H NMR (500 MHz, CDCl3 + CD3OD) δ 1.43 (quintet, J = 7.5 Hz, 4H), 1.52 (quintet, J = 7.5 Hz, 4H), 1.63~1.92 (m, 30H), 1.94 (s, 2H), 2.71 (s, 2H), 3.13 (s, 6H), 3.43~3.54 (m, 12H), 3.91 (t, J = 7.5 Hz, 4H), 6.75 (d, J = 8.5 Hz, 4H), 6.96 (d, J = 8. 5 Hz, 4H) . 13 C NMR (126 MHz, CDCl3 + CD3OD) δ 20. 29, 20.87, 22.10, 25.84, 26.11, 28.36, 29.08, 34.57, 37.33, 39.74, 48.50, 61.47, 63.89, 67.61, 114.06, 129.60, 130.70, 136.02, 146.08, 157.23 . HRMS (ESI, M 2+ ) C47H70O2N2
Calcd. 348.2797, found 348.2798. 1,1'-((( (((5r,7r) -Adamantan-2-ylidene)methylene)bis(4,1-phenylene))bis(oxy))bis(hexane-6,1diyl))bis(azepane) NB-72 (37 mg, sticky liquid) was obtained from the reaction of the compound 2 (50 mg, 0.058 mmol) and azepane (55 mg, 0.55 mmol) in 91% yield, following the procedure as described for the preparation of NB-65. 6.0 Hz, 4H), 6.80 (d, J = 8.5 Hz, 4H), 7.03 (d, J = 8. 5 Hz, 4H) . 13 C NMR (126 MHz, CDCl3) δ 26.35, 27.26, 27.66, 27.76, 28.21, 28.48, 29.59, 34.66, 37.46, 39.86, 55.85, 58.53, 67.99, 113.98, 125.22, 130.82, 135.87, 145.82, 157.55 . HRMS (ESI, M + +1) C47H71O2N2 Calcd. 695.5516, found 695.5529. 1,1'-(((( ((5r,7r) -adamantan-2-ylidene)methylene)bis(4,1-phenylene))bis(oxy))bis(hexane-6,1diyl))bis (1-methyl-1λ 4 -azepane) diiodide NB-73 (47 mg) was prepared from the reaction of the NB-72 (35 mg, 0.05 mmol) and methyl iodide (100 μL) quantitatively by following the procedure described for the preparation of NB-68. 5 Hz, 4H), 6.76 (d, J = 8.5 Hz, 4H), 6.98 (d, J = 8.5 Hz, 4H) . 13 C NMR (126 MHz, CDCl3 + CD3OD) δ 21. 84, 22.69, 25.83, 26.20, 27.74, 28.40, 29.12, 34.58, 37.26, 39.65, 50.45, 64.76, 65.44, 67.58. 113.94, 129.88, 130.62, 135.94, 145.87, 157.36 . HRMS (ESI, M 2+ ) C49H76O2N2 Calcd. 363.3032, found 363.2957. 6,6'-(((((5r,7r )-adamantan-2-ylidene)methylene)bis(4,1-phenylene))bis(oxy))bis(N,Ndiethylhexan-1-amine) NB-51 (33 mg) was obtained from the reaction of the compound 2 (50 mg, 0.058 mmol) and diethyl amine (50 mg, 0.68 mmol) in 89% yield, following the procedure described for the preparation of NB-65. 91, 26.36, 27.18, 27.75, 28.48, 29.60, 34.66, 37.46, 39.85, 47.13, 53.12, 67.97, 113.98, 129.93, 130.81, 135.87, 145.82, 157.54. HRMS (ESI, M + ) C43H67O2N2 Calcd. 643.5203, found 643.5225.
( (((((5r,7r) -Adamantan-2-ylidene)methylene)bis(4,1-phenylene))bis(oxy))bis(hexane-6,1diyl))bis(diethyl(methyl)-λ 4 -azane) diiodide NB-115 (45 mg) was prepared from the reaction of the NB-51 (32 mg, 0.05 mmol) and methyl iodide (100 μL) quantitatively by following the procedure described for the preparation of NB-68. 6.74 (d, J = 8.5 Hz, 4H), 6.99 (d, J = 8. 5 Hz, 4H) . 13 C NMR (126 MHz, CDCl3) δ 8. 49, 22.51, 25.86, 26.16, 28.37, 29.11, 34.58, 37.34, 39.76, 57.03, 61.00, 67.59, 114.06, 129.63, 130.73, 136.03, 146.09, 157.26 . HRMS (ESI, M 2+ ) C45H72O2N2 Calcd. 336.2804, found 336.2797. (4-((E)-((5R,7R) -Adamantan-2-ylidene)(4-((6-azidohexyl)oxy)phenyl)methyl)phenoxy)hexyl methanesulfonate (6) The mixture of the compound 2 (34 mg, 0.05 mmol) and NaN3 (2.0 mg, 0.03 mmol) in DMF (100 µL) was stirred for 1 hr at 50 °C. The solvent was removed under a gentle stream of nitrogen, followed by dissolution of the residue into EtOAc (200 µL) to load a SiO2 Preparative TLC (20 x 20 cm) that was developed with 10% EtOAc/n-Hexane and from which the title compound 6 (20 mg) (film type solid) was obtained. Hz, 4H). 13 C NMR (126 MHz, CDCl3) δ 25. 49, 25.87, 25.99, 26.77, 28.47, 29.06, 29.33, 29.38, 29.46, 34.67, 37.44, 37.62, 39.85, 51.65, 67.69, 67.78, 70.23, 113.98, 129.85, 130.84, 135.94, 135.99, 145.94, 157.44, 157.48 . HRMS (ESI, M + + 1) C36H50O5N3S Calcd. 636.3471, found 636.3451. (4-((Z)-((5r,7r) -adamantan-2-ylidene)(4-((6azidohexyl)oxy)phenyl)methyl)phenoxy)hexyl)azepane (N3-NB-72) 1 H NMR (500 MHz, CDCl3 ) δ 1.30~1.43 (m, 4H), 1.45~1.58 (m, 8H), 1.59~1.69 (m, 8H), 1.76~1.84 (m, 4H), 1.84~1.94 (m, 10H), 2.02 (br s, 2H), 2.48 (t, J = 7.5 Hz, 2H), 2.64 (t, J = 6.0 Hz, 4H), 2.71 (t, J = 7.5 Hz, 2H), 2.82 (br s, 2H), 3.95 (q, J = 6.0 Hz, 4H), 6.80 (d, J = 8.5 Hz, 4H), 7.04 (d, J = 8. 5 Hz, 4H) . ESI (m/z, (M+2H) 2+ ) 307.6. -((6-(4-((E) -((5r,7r) -adamantan-2-ylidene) (4-((6-(azepan-1yl) hexyl)oxy)phenyl)methyl)phenoxy)hexyl)carbamoyl)-2-(6-hydroxy-3-oxo-3H-xanthen-9yl)benzoic acid To the mixture of NH2-NB-72 (3 mg, 4.90 µmol) and 5-FAM (3.4 mg, 7.40 µmol) in DMF (100 µL) was added (11 mg, 0.11 mmol) at rt and reacted for 1 hr at rt. After the solvent was evaporated using a nitrogen stream, the title compound (Fluorescein-NB-72, 1.4 mg) was separated on SiO2 PLC using 10% MeOH/DCM (v/v). ESI (m/z) 971.9 (M + +1), 487.6 (M/Z 2+2H ) 1-(6-(4-((Z) -((5r,7r) -adamantan-2-ylidene)(4-((6-azidohexyl)oxy)phenyl)methyl)phenoxy)hexyl)- 
6-
1-(6-
5
